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s Dr Bryan Robinſon has appealed to 
7 6 * you in the controverſy between him 


N 
and me, occaſioned by his treatiſe 
SE» of the Animal Oeconomy ; 1 accept 
the appeal, and make you the arbi- 
trator in the cauſe. Though we ſcarce agree 
in any thing elſe, yet we both agree in this, that 
you are a very proper and competent judge of 
the matter in debate, And therefore, Sir, I 
hope, that, even for the fake of the public, 
you will ſeaſonably interpoſe, and not ſuffer us 
Mathematicians to diſpute and wrangle like 
Metapbyſicians and School Divines ; which might 
tempt people to imagine, that there is no more 
in one than in the other; and that all preten- 

77 + =. IEEE ſions 


$ x, 


Sg 
fions to literature of one kind or the other, are 
nothing elſe but different ways and tricks to get 
money. 5 | 

It is now, I think, above two years ago, that 
Dr Robinſon's letter to you in defence of bis 
book came to my hands. For as it was printed 
in Dublin, and could not be had at any of the 
ſhops in London, it was a long time, ſeveral 
months, before my Bookſeller could get it from 
Ireland. When I firſt ſaw it, the anſwer to me 
in defence of himſelf appeared ſo extreamly 
weak and il|-grounded, that I did not think fit 
to give you any trouble about it. But as he has 
now publiſhed a third edition, with very large 
additions, of his work, printed in London, I have 
thought it neceſſary and high time to make this 
appeal to you. In which, Dr Robinſon and I 
agreeing to make you the umpire, you will do 
the public but a neceſſary piece of juſtice to 
arbitrate the matter between us ; and as, from 
your natural integrity and honour I cannot doubt 
of this, I ſhall now proceed to lay the caſe fairly 
before you. | | | 

The caſe is in ſhort this ; Dr Robinſon in his 
treatiſe of the Animal Oeconomy, ſuppoſes water 
to flow out of a cylindrical veſſel through an 
orifice, or pipe of a given length, opened 
horizontally in the ſide of the veſſel, at a given 
diſtance below the top ſurface of the water. 
Here the perpendicular heighth of the water 
above the orifice or point of efflux, he calls H: 
the area of the containing cylinder, A: the 
nk | ſection 


(5] 
ſection or area of the orifice or horizontal pipe, 
a: the length of the pipe, L: the velocity of 
the water at the point of efflux is denominated 
V : and thediameter of the orifice at the point of 
efflux is D. From theſe notations he undertakes 
* DM = V. This I muſt 
A—a L * | 
own at firſt ſight appear'd to me a great paradox, 
in what I obſerved upon it in my Mechanical 
Practice of Phyſic, I inſiſted on it, that the quan- 
tities A, a, D, and L; could not alter the ſtate 
of the queſtion with reſpect to the velocity V, at 
the point of efflux, whether the water flowed 
immediately through the orifice, or through a 


to prove, that 


pipe of a given length L. This, Sir, is, 


in ſhort, the ſtate of the argument between us, 
and what has been hitherto ſaid on both 
ſides you have doubtleſs ſeen, But Dr Robinſon 
in his letter to you, before he comes to his an- 
ſwer to me, lays down more diſtinctly and par- 
ticularly than he had done at firſt, the principles 
upon which he had proceeded, and which I had 
groſsly miſtaken for want of confidering more 
maturely what Sir Iſaac Newton and be had 
offered about it. 1 do not envy him the honour 
of ranking himſelf with Sir 1/aac Newton, but 
whether he or I have moſt miſtaken Sir 1/aac 
Newton, I muſt appeal to you, Sir. 


Now 
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Now here the Doctor's conſtruction is this: 
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cylindrical veſſel K.. . L 
filbd with water, , | 'B 
AB its upper ori- H 


fice [ ſurface], EF || 
a circular hole in || 
the middle of the 
bottom, G H the 


axis of the cylinder 
perpendicular to the 
horizon, GI the I! 

axis produced till C FG 5 
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muſt deſcend, in vacuo, to acquire a velocity 
equal to the velocity of the water in the 
ſurface AB; I put A for the ſurface of the 
water A B, à for the area of the hole EF, H 
for G H the perpendicular height of the water 
in the veſſel above the hole; V for the velocity 
of the water flowing through the hole, and v 
for the velocity of the water in the ſurface AB; 
and laſtly, if the veſſel be ſuppoſed to be 
kept conſtantly full, by being ſupply'd at the 
top as faſt as the water runs out through the 
hole, and the water deſcends from the top of 
the veſſel through the hole freely, and with- 
out reſiſtance; I ſay that V will be equal to the 

; velocity 
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velocity acquired in falling in vacuo through 
e I G+H Fa 

* the pace o or Ae, I-II 
210. 7 | 
I ſhall not here attend minutely to the 
Doctor's demonſtration of this ; and I believe, 
Sir, when you have conſidered it, you would 
willingly excuſe both me and yourſelf from any 
ſuch trouble. You will readily obſerve, that the 
Doctor ſuppoſes a certain aſſignable diſtance above 
the uppermoſt ſurface of the water, to acquire the 
accelerating velocity which it has at that ſurface, 
where the accelerating motion firſt begins. But 
can any thing be more abſurd, than to go about 
to determine the velocity of a fluid acquired by 
accelerating gravity, at the very point where that 
velocity begins? It is very plain, that at the 
point H, which is the top ſurface of the water, 
there can be no velocity by accelerating gravity, 
but while a particle is conſidered there, it muſt 
be conſidered as at reſt. For till a particle at 
H, has moved ſome ſpace or other from H to- 
wards G, it can have acquired no velocity. And 
fall- 
ſmall 


this accelerating velocity thus acquired b 

ing, for the firſt moment, or infinitely 
portion of time, will be but infinitely ſmall, and 
may be rejected as nothing, till it has acquired 
ſome certain aſſignable quantity; and then that 
quantity muſt be taken below, and not above 


H. To ſuppoſe a motion by accelerating gravity, 
to begin above the top ſurface of the deſcend- 


ing 
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ing water, is a molt evident contradiction in the 
very nature and reaſon of the thing. And yet 
upon this ſtrange hypotheſis Dr Robinſon has 
- writ a whole book, founded a New Theory of 
Fluidity, and appealcd to you, Sir, for the truth 
„ 4655 1 eie 
But if the quantity I H, by the law of accele- 
rating gravity, can be nothing at all, as has been 
ſhewn, then the point J muſt always coincide 
with H, and I G will for ever — H G. And 
from hence the Doctor's fine-ſpun ſcheme of the 
velocities of fluids, ariſing from accelerating gra- 
vity, muſt vaniſh at once; the velocity of the 
water falling and flowing freely, and without 
reſiſtance through the orifice, muſt eternally be 
equal to the accelerating velocity acquired by the 
fall of a column of water, or any quantity of 
matter more or leſs, ſolid or fluid, through the 
ſpace HG, or to the perpendicular height of 
the water in the cylinder. Now as the quantity 
of water falling, whether it be only a very ſmall 
column, or the whole cylinder of water at once, 
as this, I ſay,” can make no difference in the ac- 
celerating velocity acquired in falling from H to 
G; let us ſuppoſe the cylinder being filled with 
water, that its bottom be immediately ſtruck 
cut, and the whole cylindrical column be left 
to deſcend freely, and by its own gravity to G, 
and in this caſe the velocity of the water at G 
would be ſtill the ſame, only a greater quantity 
would be diſcharged in the fame time; 7. e. on 
this ſuppoſition the whole cylinder "I 
Sf would 
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would be diſcharged in the ſame time in which 
a column ſuperincumbent over the whole orifice 
would have been gtherwiſe diſcharged. - 
But we may ſuppoſe any cylindrical pipe pef- 
pendicular to the horizon always to be kept 
full of water, as faſt as it is emptied, to com- 
municate with another horizontal pipe of the 
ſame diameter, and then the velocity at G, ac- 
quired in falling through the perpendicular 
height H G would be ſtill the ſame. And in 
this caſe, which is as eaſy and natural a ſuppo- 
ſition as any other, A, according to Dr Robin. 
ſon's notation, would be equal to 4, and 
A'—q O. And conſequently, V or =, 
the velocity of the fluid at the point & muſt be 
infinitely great, though A and H, the area and 
height of the perpendicular cylinder, ſhould be 
infinitely ſmall. But farther it is certain, that 
water, whether flowing perpendicularly or 
horizontally, while it communicates in veſſels 
or pipes, may flow ont of à natrewer ſection 
into a wider, as well as out of a wider into 
a narrower. Let us ſuppoſe then the dia- 
meter or area of the horizontal veſſel or pipe 
through which the water muſt flow as ſoon as 
it is turned out of its perpendicular direction, to 
be greater than that of the perpendicular veſſel 
or pipe, and then A*—@ in the Doctor's nota- 
tion will be negative ; and conſequently the 
water in the * veſſel, or pipe, i ae 
ow 
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flow at all downward in the direction H G, but 
muſt flow upwards in the direction HI. Theſe 
abſurdities and falſe conſequences I had preſs d 
upon the Doctor before, as the neceſſary reſult 
of his own principles and ſuppoſitions, and what 
anſwers he has given to them, and to ſeveral 
others which he ſtands accountable for, you ſhall 
ſoon ſee. | 

But before I come to that, I ſhall conſider a 
little the corollaries which he here draws from 
his foregoing hypotheſis. He ſuppoſes here, 
you ſee, that the velocity at G, acquired by the 
accelerating gravity of the water, is not the velo- 
city which would be acquired in falling from 
the perpendicular height of the fluid H G, but 
may be any other velocity more or leſs. And 
from this ſuppoſition he draws the following 
conſequences, | 

“Cor. 1. H, the perpendicular height of the 


* 0 V | 
NM water in the veſſel, is = to IG x 1. e < | ods 


V* 

I'G * . Now if IH, the ſpace thro 
which he ſuppoſes the accelerating velocity of 
the fluid to begin, above the uppermoſt ſurface 
of the water in the veſſel, be really nothing, and 
merely imaginary, as I have proved; It muſt 
prove only that H is equal to itſelf, or that it 
may be equal to any other quantity more or leſs. 
But is et coram judice, and as the appeal is 

2 5 | * made 


5 
made to you, Sir, no doubt but the public will 
expect your determination. | 
% Cor. 2. Pag. 7. V, the velocity with which 
« the water flows through the hole, is as 
7175 W . OY 
S nt, IG—IH' 


or as / IG.”. Now, Sir, in my judgment, 
and for the reaſons given already, for the Doctor 
to prove all theſe expreſſions to be equal is abſo- 
lutely impoſſible. But you ſee that he ſtands to 
this, that the velocity of the water at the point 
of efflux G, is not equal to the velocity Which 
would be acquired by accelerating gravity in 
falling the whole perpendicular height of the 
water H G, but a velocity which would be gene- 
rated by falling from a greater height IG, 
* Cor. 3. If A be = a, V will be nothing. 
« For when à is equal to A, v will be equal 
* to V by this propoſition; but a= A, and 
« v©=V, H will be nothing by Cor. 1. and 
* conſequently V will be nothing by Cor. 2.” 
It is ſurprizing to ſee how dexterouſly the 
Doctor draws one abſurdity and contradiction 
from another, and runs on in a long train of 
falſe conſequence. Having created the imagi- 
nary quantity IH, he makes it ſerve all his 
purpoſes, and bring him off at every pinch. 
For all his falſe R.. depend upon his ſup- 
poſing, the accelerating velocity to begin, or 
to be in its firſt naſcent or laſt evaneſcent ſtate, 


at ſome aſſignable point or other above the top 
B 2 ſurface 
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farface of the water, which is plainly im- 
1 5 
In the next Corollary 4. he proceeds upon 
the ſame falſe principle, and deduces it from 
What has been confuted already, which there- 
fore I need not take any farther notice of. But 
his fifth and laſt Corollary is more remarkable, 
and indeed ſtrange as from him, becauſe it 
comes pretty near the truth. It runs thus, Cor. 5, 
« If the hole be exceeding ſmall in compari- 
& ſon of the upper orifice ; the velocity with 
% which the water flows through the hole, 
*© will, without any ſenſible error, be equal to 
* the velocity which a heavy body will acquire 
te in falling in vacuo, through a ſpace equal to 
*« the perpendicular height of the water in the 
c veſſel, 1. e. V will, without any ſenſible error, 
© be equal to the velocity acquired in falling 

& in vacuo through a ſpace equal to H.“ | 


Now all this is very true, and needed no 


proof from the Doctor's principles. Tt is the 
Ls of accelerating gravity demonſtrated by Sir 
Jaac Neuton, and confirmed by ten thouſand 
experiments. . But that this is true only in this 


pe: caſe, and not in all others of the 
a 


fame kind where accelecrating gravity takes 


place is falſe, and could only have been con- 
cluded from falſe principles, grounded on falſe 
facts, or very inaccurate 51 Whe- 
ther the cylinder, as above, ubſides or deſcends 
altogether, or whether a part of it, the colamn 
ſuperincumbent over the orifice, be — 
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fall by the accelerating force of gravity, the caſe 
is ſtill the ſame, and the velocity acquired at the 
oint G will be the fame. For it is well 
Eden that all bodies, whatever their quantities 
of matter or denſities are, will acquire equal 
velocities, and deſcribe equal ſpaces in equal 
times, while they are acted upon only by the 
power of gravity without Reſiſtance, | 
But after all, there ſeems to be ſomething in 
this caſe that Dr Robinſon, as great a maſter as 
he is of Sir Iſaac Newton, has not fafficiently 
conſidered. It is certain, that when water flows 
in canals or pipes, and runs out of a greater 
ſection into a leſs, of vice verſa, the velocities 
muſt be every where reciprocally as the ſections, 
or equal quantities muft flow through 
ſection in the fame time: For otherwiſe the 
æquilibrium and communication of the fluid 
muſt be neceſſarily deſtroyed. And from hence 
it is evident, that water thus communicatin 
and flowing through pipes or canals, does n 
obſerve the law of accelerating gravity, ſince 
that has no regard at all to any ſections or com- 
munication of fluids, but to an accelerating per- 
pendicular deſcent only. | ro ers 
That the motion of water thus communi- 
cating in pipes, is not at all. governed and di- 
reed by the power of gravity, but by a con- 
ſtant uniform preſſure, is farther evident from 
hence, that this preffure from a given height, 
which is the fole cauſe of the motion, acts a 
guaque, or in all poſſible directions, alike, Water 


thus 
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thus preſſed will aſcend upwards againſt the 
force of gravity, with the fame velocity and 
impetus that it will deſcend or flow horizon- 
tally, where the perpendicular height or preſſure 
is the ſame. | 
The ſame. thing may be thus alſo demon- 
ſtrated ; that the motion of water ariſing from 
preſſure is inſtantaneous, and not acquired in 
time, as all accelerated motion muſt. And this 
motion under the ſame velocity, is as inſtanta- 
neouſly communicated to a greater quantity of 
the fluid as to a leſs, to the whole ocean as to a 
cubic inch. For whatever quantity of matter 
may be put into motion by ſuch a Cauſe, any 
force, weight, or reſiſtance, that is ſufficient to 
ſuſtain a perpendicular cylindrical column of 
water of ſuch a baſe and height, will inſtantly 
deſtroy or ſtop the whole motion, and bring the 
fluid to perfect reſt, let the quantity before in 
motion be more or leſs, and whether this force 
or reſiſtance be applied immediately to the ori- 
fice at the point of efſlux, or at any given 
diſtance, where the water has been conveyed 
in a train of communicating pipes for many 
miles. 8 
It is well known, that water, how far ſoever 
It may have been conveyed horizontally in pipes, 
will riſe perpendicularly to the fame height with 
that from which it is preſſed. At this height 
the two oppoſite columns ſuſtaining and counter- 
ballancing each other, the fluid will reſt and 
ſtand in æquilibrio. But if the water in the 
| counter- 
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counterpoiſing pipe be raiſed a little higher or 
above the fountain head from which it is preſſed, 
this additional quantity, though ever ſo ſmall, 
will turn back the whole body of the communi- 
cating water though ever ſo great, and give it 
a contrary direction. This is very evident, and 
neceſſarily follows from the firſt and grand fun- 
damental law of Hydroſtatics and fluid preſſure; 
which is, that any body or quantity of a com- 
municating fluid, will always retain its zquili- 
brium, or equal preſſure; and this inſtantane- 
ouſly, as ſoon as any part of the fluid ſhall be 
preſſed upon a given ſurface. 

And from hence we may ſee, the eſſential 
difference between the powers of preſſure and 
impulſe, and of motion excited or communi- 
cated by one or the other. Motion communi- 
cated by impulſe, continues after the impulſe in' 
e ſame. quantity, till it is deſtroy'd by ſome 
equal force in a contrary direction; but motion 
communicated by preſſure immediately ceaſes, as 
ſoon as that preſſure is taken off, or otherwiſe 
ſuſtained. This is evidently ſo in fluids, as we 
bave ſeen already, and the caſe is the very fame 
X ſolids. Thus let any ſolid body lie at reſt 
ugon a plain table; if it be ſtruck or impelled 
by an ictus or blow, it flies off in the direction 
off the impulſe, and retains its motion till it is 

dpt by ſome contrary force. But if without a 
plow, or impulſe, it is only puſhed or preſſed 
with any given velocity, that motion is imme- 
diately ſuſpended, and the body remains at reſt 

un 
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ypon taking off the preſſure, or removing the 
hand or. finger that forced it forward. But far- 
ther, in communicating motion by impulſe, the 
unpelling body loſes as much motion itſelf as it 
communicates to the other; in conſequence of 
which, the quantity of motion is equal both be- 
fore and after the impulſe, but the velocities will 
be reciprocally as the quantity of matter moved. 
But in motion communicated by preſſure, the caſe 
is perfectly different, for here x8 velocity ariſing 
from a given preſſure or perpendicular height of 
the fluid will be equal, whether the quantity of 
matter to which the motion is communicated 
be more or leſs. Theſe things are fo very plain, 
that I ſhould have been almoſt aſhamed to have 
inſiſted on them to you, Sir, or to have trou- 
bled the public with them, had not Dr Rabin- 
ſon made it neceſſary, by overlooking and ſetting 
aſide all the true laws of fluid motion, and in- 
troducing new and falſe ones of his own, 

Now to apply this to the ſeveral caſes of the 
motion of water communicating in pipes, I ſhall 
ſuppoſe, 

1. That a perpendicular deſcending pipe to be 
always kept full of water to a given height, 
ſhall communicate with another horizontal pipe 
of the ſame diameter or ſection. And in this 
caſe, ſince the velocity in the horizontal pipe 
is fixed and determined by the height of the 
perpendicular preſſure; and ſince the ſections in 
the perpendicular and horizontal pipes are equal, 
it is evident that the fluid both in its perpen- 


| icular 
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dicular deſcent, and in its motion horizontally 
muſt move equably and uniformly, or deſcribe 
equal ſpaces in equal times, for otherwiſe the 
æquilibrium and communication of the fluid 
could not poſſibly be maintained, which would 
- contrary to the firſt and fundamental law of 
uidity. | 1 
| But, 2, Let the perpendicular height, and 
the ſection of the horizontal pipe ſtand as be- 
fore; and let the ſection of the perpendicular 
os be increaſed in any given proportion, or 
et its ſection or ſurface be ſuppoſed infinite. 
And in this caſe, the velocity of the water thro' 
the horizontal pipe will be the fame as before, 
as being preſſed from the fame perpendicular 
height, but the equable or uniform deſcent of 
the water in the cylinder will be leſs in the re- 
—_— ratio of the ſections, or as the ſection 
of the horizontal pipe to the ſurface of the de- 
ſcending water. And this is the ſtanding un- 
alterable law of water communicating in pipes, 
and flowing out of a larger ſection into a leſs, 
or vice verſa. In which caſe the motion of the 
fluid at equal ſections muſt be always equal, and 
the law of accelerating gravity cannot poſfibly 
take place. e | 

3. The reſt ſtanding as before, let us ſup- 
poſe the horizontal pipe to communicate at 
the other end with another perpendicular pipe 
of equal diameter or ſection with the horizontal 
one. It is evident in this caſe, that when the 


water comes to this pipe it muſt aſcend per- 
C pendicularly, 


[ x8 
pendicularly, and will aſcend to the ſame height 
or horizontal plain from which it was originally 
preſſed. It is manifeſt, that upon this ſuppo- 
ſition the velocity of the water through the 
whole communicating ſyſtem muſt be equally 
retarded in proportion to the times, as a body 
falling downwards by the ſole force of gravity 
would be accelerated in the fame proportion ; 
and therefore the times of aſcent and deſcent in 
both cafes muſt be equal. And this is the true 
analogy betwixt preſſure and gravity, though 
they are two perfectly diſtin and different 
power or laws of nature, But if the ſection of the 
rpendicular aſcending pipe be greater or leſs 
than that of the horizontal one, the velocity of 
the aſcending water will be accordingly greater 
or leſs than the horizontal velocity, and this 
reciprocally as the ſections. But every one knows 
that where the ſpaces deſcribed are the ſame, 
the times will be reciprocally as the velocities ; 
that is in this caſe directly as the ſections. And 
therefore, the time in which water will aſcend 
to the ſame height from which it is preſſed, 
may be greater or leſs than the time which a 
heavy body would take in falling through the 
ſame ſpace, and this in any given proportion: 
Namely, in the proportion of the ſection of the 
aſcending to that of the horizontal pipe. 
4. Let us ſuppoſe any horizontal pipe as be- 
fore, to communicate with any one or more 
pipes lying in the fame plain. The original pipe 
which brings the water from the fountain 1 ”_ 
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call the primary pipe, and the other communi- 
cating pipes the ſecondary ones. This being 
ſuppoſed, the velocity of the fluid in the ſecon- 
dary pipes will be to its velocity in the primary 
pipe, or at the point of efflux, as the ſection of 
the primary pipe to the ſum of the ſections of 
the ſecondary pipes. For if it was otherwiſe, 
the equilibrium and communication of the fluid 
could not poſſibly be maintained, by the pri- 
mary governing law of fluidity; but if the 
ſections of the ſecondary pipes are not all equal, 
the velocity of the fluid through any one of 
thoſe pipes, will be to the common velocity 
through the whole ſyſtem, as the ſum of the 
ſections of all the other communicating pipes, 
is to the ſection of this particular pipe, by the 
ſame general law. ee 

5. If the ſecondary pipes are not ſituated in 
the ſame horizontal plain, but are inclined in 
any angle above or below the horizon, this will 
alter the quantity of the perpendicular preſſure, 
which will be more if the inclination of the pipe 
be below, and leſs if above the horizontal plain. 
And here this increaſe or diminution of the preſ- 
ſure or perpendicular height muſt be always as 
the ſign of the angle of inclination. Let the 
length of the pipe be put equal to radius, and then 
the ſine of the angle of inclination will be the 
perpendicular diſtance above or below the hori- 
zontal plain, and the co-ſine of that angle will 
be the horizontal diſtance from the point of in- 


ſettion. Suppoſe then any ſuch pipe to be in- 
clined 


2 — 
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clined to the horizon either above or below it by 
an angle of 30 gr. and then will the length of 
the pipe, the horizontal diſtance from the point 
of inſertion, and the perpendicular increaſe or 
diminution of the fluid, be reſpectively as the 
numbers 10000000, 86602 54, and 5900000. 
Now let the perpendicular height of the fluid - 
above the point of efflux be called p. the ele va- 
tion or depreſſion above or below the horizon 
by ſuch an inclination s, and then the increaſed 


or diminiſhed velocity will be as 55 and 
here it is manifeſt, that this increaſed or dimi- 
niſhed preſſure muſt affect the velocity through 
| the-whole communicating ſyſtem, and at every 
ſection or ſum of ſections proportionally, or 
otherwiſe the æquilibrium and communication 
of the fluid muſt be deſtroyed and broken off. 
Theſe things are evident, and follow demon- 
ſtrably 2 priori, from the fundamental governing 
law of fluidity, viz. the æquilibrium and com- 
munication. of the fluid through all its ſections; 
which Dr Robinſon had not the leaſt regard to, 
while he was ſetting aſide by experiments all the 
laws of fluid motion. And now after what has 
been faid, I may proceed to the ſolution of the 
following Problem. 


PROBLEM. 


[ 2x ] 
PROBLEM. 


The perpendicular height of a fluid, and its ſection 
at the point of efflux, being gi ven, to determine 
the velocity and impetus of the fluid at any 

* other given ſection. 


It is here evident at firſt fight, that a column 
whoſe baſe is the orifice, and its height the per- 
pendicular height of the fluid above the point of 
efflux, is the whole quantity of prefſure which 
the whole communicating fluid at every ſection 
ſuſtains. For take away this, or let it be other- 
wiſe ballanced or ſupported, and the whole mo- 
tion immediately — whether the quantity of 
matter in motion was more or leſs. Let the per- 
pendicular height be called p, the effluent velo- 
city v, and the ſection or area of the orifice 43 
and then p @ will be the whole preſſure of the 
fluid, or moving force which generates and con- 
tinues the motion, Since while this remains 
the motion 1s conſtantly and uniformly kept up, 
but being removed or counterballanced the mo- 
tion inſtantly ceaſes, and the fluid is at 
reſt ; but the velocity is always in the ſubdupli- 
cate ratio of the perpendicular height, and con- 
ſequently the height as the ſquare of the velocity. 
And therefore 2 p is as à v, that is, the force 
or impetus of the effluent fluid is as the ſquare 
of the effluent velocity multiplied by the ori- 
fice ; or the ſame thing may be thus otherwiſe 

vl demon- 


/ 
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demonſtrated : The force or impetus of a fluid 
is as the quantity diſcharged, through a given 
ſection in a given time, multiplied into the 
velocity ; but the ron diſcharged in a time 
given, is as the velocity into the ſection, or as 
av g, the quantity of matter therefore being as 
q v, the quantity into the velocity will be equal 
to av?, as before. And that the ſection being 
given, the impetus will be as the ſquare of the 
velocity, might be thus proved, under a double 
velocity, a double quantity of the fluid muſt paſs 
through the ſame ſection in the fame time, and 
therefore the force or impetus muſt be quadruple, 
or as the ſquare of the velocity, at equal ſections, 
and univerſally in a ratio compounded of the 
ſection and ſquare of the velocity. 9. e. i. 


COROLLARY. 


From hence it follows, that when a fluid 
after having paſſed the original ſection at the 
Point of efflux, runs into a pipe or pipes of un- 
equal ſections; the force or impetus at any ſuch 
ſection, or ſum of ſections, will be as the velo- 
city directly. For ſince in this caſe, the velo- 
city at the ſeveral ſections, or ſum of ſections, 
muſt be inverſly as thoſe ſections, the rectangle 
of both expreſſing the quantity of matter will 
be always a ratio of equality, and may be taken 
as unity, which will reduce the ratio @ v*, or 
9 v to v, the velocity directly, 9. e. d. 


Theſe 
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_ "Theſe things, Sir, appear evident to me, and 
the neceſſary conſequences of the law of preſſure 
and communication of fluids, I had inſiſted on 
them more largely in my Mechanical Practice 
of Phyſic, about four years ago, which Dr Robin- 
en did not think fit to take any notice of. 
And, indeed, it was then too late to mend or 
alter any thing without throwing it all off, and 
giving up the whole ſcheme; the contrary to 

which he has choſen, and appealed to you. 
But as the Doctor goes on ſtill upon the 
fame falſe ſuppoſitions, and to draw other conſe- 
nences and deductions from them, I ſhall pur- 
fre him no farther in his peculiar theoretic way 
but proceed to conſider the anſwers which he has 
offered in this letter to you, to the ſeveral dif- 
ficulties and objections that I had urged againſt 

him in my Mechanical Practice of Phyjic. 

Lett. pag. 31. This may ſuffice concern- 
« ing the motions of water through orifices and 
* pipes. I ſhall now proceed to Dr Morgan's 
Remarks, and to ſhew that they have all been 
* occaſioned by his not having duly attended 
* to what Sir {aac and I delivered concerning 
* theſe motions,” The Doctor is doubtleſs at 
liberty to place himſelf on a level with Sir Jaac, 
and me as much below himſelf as he thinks fit. 
« In pag. 68. J. 4, 5. The Doctor fays that 
c F will ever be as D* H; whereas, had he at- 
* tended to Prop. 36. lib. 2. Newton. He 
% would have ſeen that F will never be as 
D, but when the area of the hole is infi- 
I nitely 


— 
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< nitely little in compariſon of the area of the 
* ſurface of the water in the veſſel, and the 
<«« pipe lies parallel to the horizon. For I have 
* ſhewn from that propoſition, that the force 
* which can generate the motion of water flow- 
« ing through a hole, is _ to the weight +4 
* a cylinder of water whoſe magnitude is 


x IG, or 4 * = But I think I have 
A-a 


proved this to be falſe, and therefore I hope 
the Doctor will not father the abſurdity upon 
Sir 1/aac, or pretend to deduce it from the pro- 
poſition he refers to, though he ſhould be forced 
to come down a ſtep or two below that great 
maſter of ſcience. The Doctor goes on, © 1. 
The Doctor ſuppoſes D and H to be given, 


* and conſequently the moving force which is 


- en, in which caſe V will 
” be as = And then affirms, that if L be 


« 3 ſmall, V muſt be infinitely great, 
« and if L be infinitely great, V muſt be infi- 
« nitely ſmall.” 

This is no conſequence which I have forced 
upon the Doctor; it is his own deduction, 
Vol. 1. Prop. 1. Cor. 1. That every thing elſe 


being equal, V will be as . And this being 


ſuppoſed, it is evident to every one at firſt 
ſight, that V, or the effluent velocity under a 


given preſſure, may be increaſed or diminiſhed 
in 


\ 
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in any given ratio, or in infinitum. To evade 
this, Dr Robinſon runs into a long impertinent 
harangue about the infinite diviſibility of matter, 
and the relative nature and different orders of 
infinites ; all which is no more to the purpoſe, 
than if he had gone about to prove, that his 

tion muſt be true, and my objection in- 
gad and of no force, becauſe the — moves 
about its axis, or becauſe graſs grows on the 


I 
tops of houſes, If V be as Y, it is very 


pln, that where L is infinitely great, V muſt 
infinitely ſmall; and where L is infinitely 
ſmall, V muſt be infinitely great ; and that be- 
tween theſe, the velocity V may be increaſed 
or diminiſhed in any finite aſſignable ratio; and 
this, without entering into the ſpeculation about 
the different ranks and orders of infinites. And 
from hence it muſt neceſſarily follow, as I had 
urged upon him, that the effluent velocity of a 
fluid is not that which would be acquired in 
falling through the whole perpendicular height 
of the fluid above the point of efflux, but may 
be any other velocity more or leſs, finite or in- 
finite, aſſignable or not aſſignable. If Dr Ro- 
binſon cannot ſee this I ſhould pity him, and 
think him uncapable of conviction. 

But Dr Robinſon goes on; 2. The Doctor 
pag. 69. ſuppoſes D to be ul and H to 
© beproportional to L; in which caſe the velocity 
© through the pipe will be given; but however 
« ſtrange this may appear to this W 

ä D can 
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* I can aſſure him, that I have found it true by 
<< experiments.” But I hope the Doctor will 
no longer urge his own experiments againſt all 
nature, fact, and experience. For if this prin- 
ciple and law of motion will hold good in 
Ireland, and under his management, I dare ven- 
ture my life on it, that it will hold good no 
where elſe, or under any other direction. Vou 
ſee, Sir, he here aſſures us, that the effluent 
velocity will be the ſame every where, provided 
that the length of the horizontal conveying pipe 
be but proportional to the increaſed or dimi- 
niſhed height of the fluid. I ſhall make no 
farther remarks upon ſuch an abſurdity, and a 
thing ſo contrary to all fact and experience, as 
known to every mechanic, becauſe I would not 
preſs the Doctor more than the argument itſelf 
forces me to. But the caſe lies before you, Sir, 
and no doubt but the public will wait for your 
deciſion. Farther, the Doctor ſays, pag. 35. 
In his third conſequence, pag. 70. drawn 


« from V being as / == This author ſup- 


« poſes L to be given, and D to be 15 -U in 
te which caſe the velocity will be given. He 
te thinks this to be very abſurd, as I gather 
© from his fifth conſequence, in which he fays 
« expreſsly, that D and L have nothing to do 
cc jn the matter, and cannot alter the velocities 
« at all, But in this he is greatly miſtaken, 


« for both the diameter and length of a pipe 
b « affect 
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<« affect the motion of water moving through 
« it, and are neceffary to be taken into the mea- 
*« ſure of the velocity, as fully appears from the 
* firſt and ſecond experiments in the proof of 
* Prop. 1. Anim. Oecon. Thus the Doctor 
eternally urges his own private and moſt in- 
accurate experiments againſt demonſtration and 
fact, and againſt all the laws of nature and 
motion of fluids hitherto known. 
He pretends by his falſe reaſonings to deduce 
his own abſurdities from Sir Iſaac Newton, and 
then to confirm them by his own experiments, 
while it is evident all along, that his experi- 
ments are of the ſame ſtamp with his reaſon- 
ings. I beg therefore, Sir, that his experiments 
may not paſs for demonſtration, till they ſhall 
be confirmed by the Royal Society, or ſome 
other proper and capable judges. | 
* 4. In in his —＋ conſequence, pag. 70. 
he ſuppoſes H and L to be given, in which 
* caſe the velocity will be as / D. However 
* abſurd this conſequence may appear to the 
* Doctor, I have proved it true by the ſecond 
experiment in the proof of Prop. 1. Anim. 
* Oecon. to which I refer him; but with ſub- 
miſſion I had been there before, and never de- 
fire to be ſent to his experiments more, till 
they ſhall be confirmed by ſome proper and more 
authentick authority, For it ſeems at preſent to 
me, that Dr Robinſon had firſt drawn. up a falſe 
theory of the motion of fluids, and then ſtrain- 
ed his experiments to confirm it. | 
D 2 « 5. In 
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te 5. In his fifth and laſt Conſequence, pag. 7o. 
« he ſuppoſes D and L to be given; in which 
* caſe V will be as /H. This he allows to be 
te true, and ſays it is the true law of accelerating 
* gravity and preſſure, as determined by Newton. 
« But in this he is miſtaken, for V is not as 
2 according to Newton, but as ==> 

—4 

* by Cor. 2. of the foregoing propoſition.” But 
I muſt tell the Doctor too in my turn, that he 
is greatly miſtaken, and that Newton has no 
ſuch principle or law of velocity, as he pretends 
to deduce from him, nor any thing like it. I 
have proved already, and ſhall farther prove, 
that ſuch a ſuppoſition muſt be attended with 
infinite abſurdities and falſe conſequences, which 
I am ſure Sir 1/aac Newton could never be guilty 
of, nor have in his thoughts. The Doctor's 
great law and rule of velocity is this, that V, the 


effluent velocity of the fluid, is as . This, 
A —2 


as he aſſures us, is a plain and obvious conſe- 
quence of Prop. 36. lib. 2. Newton, ] muſt 
confeſs, that I could never ſee this as a plain and 
obvious conſequence, or any conſequence from 
that propoſition in Newton ; nor did I ever meet 
with a man before who could ſee it, or pre- 
tended to ſee it. The Doctor, I hope, will ex- 
cuſe my dulneſs, eſpecially while I am in fo 
much good company. But I muſt debate this 
matter a little farther with him, whoſe autho- 

I rity 
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rity from Sir | Iſaac, I cannot much depend 
It is plain then, I think, that water continu- 
ally flowing through a perpendicular pipe, may 
communicate with a horizontal pipe or 7 
of pipes, whoſe ſection, or the ſum of their 
ſections, may be equal to, or greater or leſs than, 
the ſection of the perpendicular veſſel, or pipe, 
through which the water deſcends to ſupply the 
reſt. To deny this would be to deny all nature 
and experience, and to be contradicted by every 
mechanic and every man. Now this being ſup- 
poſed, it is very plain, that @ and A, in Dr 
Robinſon's notation, may bear any proportion one 
to another, and a may be equal to, or greater 
or leſs than A. For it is not the capital letter 
that makes A always greater than 4, as theſe 
ſymbols have been introduced only to denote the 
perpendicular from the horizontal direction; 
but it is impoſſible to make any limitation here 
upon any principles of nature and fact, whether 
the perpendicular or horizontal communicating 
pipes ſhall be largeſt. If then A and a may 
bear any proportion of equality, or greater or 
leſs than one another, and this mutually and re- 
ciprocally, while the perpendicular height or 
preſſure remains the fame ; all the abſurd conſe- 
quences which I have charged upon the Doctor 
muſt hold good. But the Doctor denies that 
this can ever be fo, and I muſt now conſider 
the reaſons he has given for it. 


In 
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In the propoſition with which this argument 
is introduced at the beginning of the Letter, the 
reſult of the Doctor's reaſoning, keeping to the 


VH 


fame notation is this, that V = 


10 — 175 or 1 G, ſays the Doctor. But becauſe 


he has not proved this, I ſhall endeavour to 
prove it for him. 

I had ſhewn before that IH is a quantity 
merely imaginary, and that to ſuppoſe any ac- 
celerating velocity to begin above the top ſur- 
face of the water is abſurd and impoſſible in 
fact. Setting aſide therefore his imaginary IH, 
and v, which in this caſe can never be any 


. 
thing at all; it is plain Gi ⸗ H, and IG 
—HG = H. And if the Doctor has reaſoned 


right _ muſt be always = H. And yet he 
— 


RS, y 


owns that this can never happen but when a is 
znfinitely ſmall, i. e. it can never happen at all. 
How the Doctor ſhould come by any ſuch ex- 
preſſion of velocity from Sir 1/aac Newton, I can 

not imagine; but if he came by it honeſtly, 1 
doubt it was not wiſely. From what has been 
ſaid, Sir, I think it will follow, that all the ab- 
ſurd and contradictory conſequences which I 
had charged upon Dr Robinſon muſt hold good, 
and that he built a whole theory of the Animal 


Oeconomy, and the motion of fluids upon mere 
imagination 
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imagination and fiction. It is well 'known to 
every mechanic, and almoſt to every man, that 


water will any where riſe perpendicularly to the 
ſame height from whence it is preſſed, or to a 
level with the ſurface of the baſon, reſervoir, or 
fountain, from which it is fed. And whether 
we ſuppoſe the length and diameters of the 
horizontal pipe, or communicating pipes, to be 
more or leſs, the caſe is always found in fact to 
be the very ſame, and the water will riſe to the 
fame level or perpendicular height, after it has 
been conveyed in communicating pipes three or 
four miles as it would juſt at hand. And this 
ſhews that the impetus of the fluid, with reſpect 
to its effluent velocity, is not increaſed or dimi- 
niſhed by the length or diameter of the horizon- 
tal pipe, or communicating train of pipes; for 
were it ſo, the water would aſcend perpendi- 
cularly either above the ſurface from whence 
it is preſſed, or reſt below it; both which are 
impoſſible, and contrary to fact. Theſe are ex- 
periments which we fee made every day in all 
conveyances of water, and do not. in the leaſt 
depend on Dr Robinſon's inventions. | 
But to give the Doctor an opportunity to exa- 
mine farther the truth and Tofulnes, of his 
theory, I ſhall here put 2 caſe and a problem 
upon it, to be ſolved at his leiſure, or when he 
writes next. Suppoſe then the baſon or reſervoir, 
which is always to be kept full of water to a cer- 
tain height, not to be a cylinder, but a truncated 
cone, of which the baſe or lower ſurface of the 
| water 
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water ſhall be taken at pleaſure, but the top or 
upper ſurface ſhall be exactly equal to the area 
of the orifice or ſection through which the water 
is to low. This may as well be ſuppoſed as a 
reſervoir of any other figure or form, and would 
anſwer all the ſame purpoſes in the preſſure and 
communication of fluids. In this caſe the 
Doctor's A, would be exactly equal to a, or the 
upper ſurface of the water equal to the orifice be- 
low. Now this being ſuppoſed, I would willingly 
know upon the Doctor's principles, what the 
effluent velocity of the water muſt be, whether 
finite or infinite; if infinite, of what different 
rank or order of infinites; or if finite, what 
its aſſignable quantity muſt be? I hope the 
Doctor will not ſay, that in this caſe, there could 
be no motion at all, and that both the perpendi- 
cular height and effluent velocity would be deftroyed. 

The Doctor had obſerved from Sir Jaac Neu- 
ton, that when a ſtream of water flows out of 
an orifice or pipe horizontally from a given per- 
pendicular preſſure, that the ſtream from the 
point of efflux contracts itſelf, and is forced into 
a conclal form, for a ſmall diſtance, as about 
the diameter of the pipe or orifice. And from 
hence he imagines, that the cataract, or falling 
column, contracts itſelf in falling, and does not 
fill the orifice or pipe at the point of efflux; 
but leaves a cavity, or void ſpace, between the 
effluent ſtream, and the inward concave ſurface of 
the pipe or orifice, I can underſtand him in no 


other ſenſe, but leaſt I ſhould be thought to miſ- 
| repreſent 


repreſent him, I ſhall here quote him in his 
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own words. 'S 4 


In obſerving the motion of water 'flow- 


cc. 


cc 
cc 
cc 
cc 
1c 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
ec 
cc 
cc 
cc 
c 
cc 
ce 
cc 
cc 
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ing through a hole made in the ſide of a 
veſſel, we may perceive the vein not to 
fill the hole. Sir 1/aac Newton, in deter- 
mining this motion from experiments, 
found the vein, after it had paſſed out of 


the hole, to grow ſmaller and ſmaller, till 


it came to a diſtance very nearly equal to 
the diameter of the hole; at which place 
he meaſured the diameter of the vein, and 
found it to be to the diameter of the hole 
as 21 to 25. The area of a tranſverſe 
ſection of the vein, at that diſtance from 
the hole, is to the area of the hole; as 


the ſquare of the diameter of the vein, to 


the ſquare of the diameter of the hole: 
that is, as 12 to 17 nearly. This con- 
traction of the vein, ariſes from the na- 
ture of the motion of the water down the 
veſſel; for the water falls down from the 
top of the veſſel through the hole, not 
perpendicularly but obliquely, its parts 
moving laterally as well as downwards 
from the obliquity of this motion; it is, 
that the column of the deſcending! water 
grows narrower perpetually. from the top 
of the water to the hole, and to a 1 
diſtance beyond it, leaving a little empty 
E ** ſpace 
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4 ſpace all round. On account of this 
ce contraction of the vein, leſs water flows 
* out, and by conſequence leſs motion is 

« generated in a given time, than would be 
6 produced if the diameter of the water at 
© the hole was exactly equal to the dimenſion 
<« of the hole, and as leſs motion is gene- 
rated, ſo the moving force is likewiſe leſs ; 
being only equal to the weight of a 
* — of water, whoſe magnitude is 


8 25 2 H, when the hole is extremely ſmall 


* in compariſon to the upper ſurface of the 
water; whereas it would be equal to the 
weight of a cylinder of water whoſe 
magnitude is 2 4 , if the vein filled the 
„hole, and had no contraction beyond it; 
and therefore the moving force is leſs than 
eit would be if the vein filled the hole, and 
{© had no contraction beyond it, in the pro- 


1 EINE Nen 
“ portion of 12 to 17. Nr 5 4 H, 2 4 H, 
© ig not as 12 to 17, but as 12 to 34, which 


e the Doctor it ſeems had forgot. Anim. 
* * pag. 14— 16.“ 


1 bare quoted the Doctor out in this ab- 
ble, | becauſe there are ſeveral uncommon, 
and very extraordinary things to be obſerved 
_—_ it. Fut, * ſuppoſes that a f 

dri 


2. = "= 
„ * 
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drical colum of water falling freely and with- 
out reſiſtance, muſt contract itſelf in the fall; 
and be thrown into a conical, or rather 
hyperbolical form; but this is plainly impoſſi- 
ble, and contrary to the nature of accelerating 
Sravity. For let us ſuppoſe any given cylin- 
dtical columm of water to deſcend — 
and without refiftance by its own gravity; 
in this caſe it is evident, that as all the par 
of the water, or every parallel ſurface from 
top to bottom, muſt begin to fall at the 
fame time, every part of the water muſt 
deſcribe equal ſpaces, and acquire equal velo- 
cities in equal times; and therefore the watet 
muſt ſtill retain its cylindrical figure, and 
cannot contract itfelf into lefs ſections by any 
power or action of gravity upon it in falling; 
For ſuppoſing this, the velocity of the water 
when it begins to contract itſelf, muſt be 

ter, and the ſpaces deferibed greater thart 
what could have been acquired by accele- 
rating gravity in the fame time, and this in 
the reciprocal ratio of the ſections. For every 
one muſt ſee, that while the communication 
of the flaid is continued, equal quantities 
muſt paſs through ev ſection in the fare 
time, and therefore the velocities muſt every 
where be reciprocaRy as the ſections; but 
this never happens but when the velocity is 
uniform and equable at equal fections, 
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which is quite contrary to the law of accele- 
rating gravity. 


Alike abſurd in itſelf, and contrary to fact, 
is the Doctor's ſuppoſing, that the water 
does not fill the orifice or pipe, but that it 
contracts itſelf all through, and leaves an 
empty ſpace or vacuum about the internal 
concave ſurface. But whoever will obſerve 
the Phanomenon as above, will find, that 
the water exactly fills the hole or pipe within, 
and that it does not begin to contract itſelf 
but juſt at the point of efflux, where it quits 
the pipe and begins to flow in open air. 
And from the point of efflux the external 
ſtream continues to contract itſelf to the 
diſtance of about a- diameter of the pipe or 
orifice, as has been found by obſervation. 
The reaſon of this contraction, the quantity 
of the perturbating force occaſioning it, and 
the diminiſhed momentum of the effluent 
fluid from thence arifing, I ſhall now ſhew. 


It is commonly known, that when ſmall 
open pipes are perpendicularly immerſed in 
water, the water within the pipe will aſcend 
to a certain height above the external ſurface 
of the water; and this height has been found 
by experiments to be always reciprocally as 
the diameter of the pipe. From hence. it 
follows, that the cauſe of this —_— 

I an 
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and ſuch ſuſpenſion of the fluid, muſt be 
always as the diameter of the pipe directly. 
Though this is obvious enough, yet I think 
Dr Furin was the firſt that obſerved | and 
demonſtrated it. | And thereby evinced the 
true cauſe of raiſing and ſuſtaining ſuch. a 

ntity of the fluid; but when water flows 
through a horizontal pipe into the air, the pipe 
is exactly in the ſame circumſtance as be- 
fore, for its end is immerſed; in water re- 
maining in the open air, and the axis of the 
pipe is perpendicular to the ſection of the 
water, or ſtream flowing in air. And con- 
ſequently the attraction of the extream peri- 
hery of the pipe at the point of efflux, muſt 
— the ſame effect, and retain an equal 
quantity of water, or leſſen its progreſſive 
motion in the fame proportion as in the 
former caſe. Now it is plain in fact, that 
the perturbating cauſe which forces the effluent 
ſtream to contract itſelf, acts as the diameter, 
becauſe this is always the diſtance to which 
its action is continued; but the reſiſtance to 
the motion of the water at the efflux, muſt 
be greater at the ſurface of the ſtream which 
is contiguous to the attracting periphery of 
the pipes, than at its axis where the attraction 
is leſs; and this muſt neceſſarily, force the 
ſtream at its parting with the pipe into a 
conical form, And in this: caſe, ſuch a 
fruſtum of a cone will be diſcharged in the 


> 
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fame time, that a cylinder of equal baſs and 
length would have been diſcharged without 
any reſiſtance or perturbation of motion. Now 
the content of ſuch a fruſtum, will be to 
the content of a cylinder of the ſame baſe 
and length, as the leſſer diameter of the 
fruſtum is to the diameter of the cylinder, 
as any one will eaſily find by computation ; 
which method of computation being very 
well known, I ſhall not farther inſiſt on it 
here. But the -lefler or outer diameter of 
the fruſtum is to the diameter of the cylin- 
der the diſtance of a diameter of the pipe, 
as 21 to 25, or as one to the biquadratic 
root of 2, as Sir 1/aac Newton has found 
by experiments. And therefore this muſt be 
the proportion in which the momentum and 
333 of the effluent fluid is leſſened from 
perturbating cauſe; the — — of 

1 to the biquadratic root of 2, is 
10000 to 11892, or aety, n ebd. 
conſiderable error, as 5 to 6, or, as Sir 1/aac 
has put it, as 2 1 to 25. And from hence it 
muſt follow, that the velocity and quantity 
diſcharged under ſuch a reſiſtance, is the 
fame that would be diſcharged without any 
reſiſtance, by a velocity acquired in fall- 
ing through a ſpace that is to the whole 
perpendicular height of the fluid, as 
1 to / 2. For the velocity and momen- 
tum, by the reſiſtance at the orifice, being 
diminiſhed 
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diminiſhed as 1 to 2 5 and the velocity ac- 
uired by accelerating gravity being always as 
Ne ſquare of the ſpace deſcribed the ſquare 
of 2+ will be23, or / 2; and therefore the 
ſpace deſcribed by accelerating gravity under 
lach reſiſtance, is to the ſpace which would 


have been deſcribed without reſiſtance as 
1 to 2 3, 


From hence fays the Doctor, i. e. from 
the water not filling the pipe through which 
it deſcends, as lſi motion is generated ſo the 
moving force is likewiſe leſs; being only equal 
to the weight of a cylinder of water whoſe mag- 


nitude is —H. Whereas it would have been 


equal to tbe magnitude of a cylinder of water 
whoſe magnitude is 2 a H. * 


He here ſuppoſes, that by the reſiſtance 
the fluid meets with at the Þ we cu of 
efflux, its force or impetus is leflened in the 


4 , I2 | = 
proportion of — to 2, or as 6 to 17, which 


is almoſt as 3 to 1. But from whence he 
ſhould draw any ſuch conſequence I cannot 
conceive. I think 1 have proved, that the 
diminution of the force or impetus from the 
cauſe above mentioned, is only as 1 to the 
biquatratic root of 2. i. e. as 1000 to 1189, 
or, ay near as can be expreſſed in ſuch ſmall 
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numbers, as 21 to 25. and therefore not as 
12 to 34, or 6 to 17. But the Doctor's de- 
monſtrations are all new and extraordinary, 
and ' I believe there were never afore ſuch 
yokes of Jriſb bulls ſeen in England. 


To all the abſurd and contradictory conſe- 
quence, which I had charged on Dr Robin- 
ſon's hypotheſis of fluidity, he contents him- 
ſelf with this general anſwer, That however 
abſurd and contradictory theſe things may ap- 
pear to me, he has proved them true by ex- 
periments, But the Mathematicians, I be- 
lieve, will not put the credit of his experi- 
ments againſt demonſtration, and the moſt 
common notorious and convincible facts to 
the contrary : Facts known to every Mecha- 
nick and Engineer, and to every man in the 
leaſt converſant with the conveyance and 
communication of water in pipes. Indeed 
the Doctor's errors in theſe matters are fo 
very groſs and palpable, that I was almoſt 
aſhamed to write any farther againſt him, 
and ſhould not have done it, Sir, if he had 
not publiſhed his books in London, and in 
ſuch a manner appealed to you. 2 


This may ſuffice for the Doctor's Matbe- 
matical, I ſhall now proceed to make ſome 
obſervations on his Mecbanical reaſonings, and 
ſhew, that he has been equally unhappy "q 

n t 8. 
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this. He had undertaken to prove, that the 
life of animals, the heat and motion of the 
blood, and the action of fire, are preſerved 
and kept up by the means of acid particles in 
the air, which acid is mixed with the blood in 
the lungs. To prove this, the Doctor ob- 
ſerved, that air, and a continual ſupply of 
freſh air, is neceſſary to preſerve the life of 
animals, and maintain and keep up the action 
of fire. He likewiſe obſerved, that a mix- 
ture of acid and alkalious liquors will fer- 
ment together, ſo as to acquire a confiderable 
heat, and ſometimes even actually take fire, 
And from theſe facts he concludes, that the 
heat and motion of the blood, and the life 
of animals muſt proceed from the fame 
cauſe, and be owing to the mixture of an 
acid with the blood in the langs. Now I 
denied this conſequence, becauſe I could not 
ſee it, and J gave ſeveral reaſons to ſhew, 
that the thing here concluded cannot be true 
in fact; and I cannot perceive, Sir, that the 
Doctor has removed any one of theſe ob- 
jections, or ſaid any thing to the purpoſe in 
this his Letter to you. Could he have 
proved either that there are acids and alkali's 
mixed with the blood, or that heat and motion 
can ariſe from no other cauſe, he might have 
had ſome ſhow for his conſequence; but 
for want of this he has left it without any 


* proof 


42 


proof or foundation at all, either in reaſon or 
fact. 


The learned, and juſtly celebrated Boer- 
haave in all his chemical proceſſes, and by 
the moſt numerous experiments, has proved, 
that there is nothing of an acid or alkali 
contained in the blood, or any animal ſub- 
ſtance in their natural ſtate, but that they 
are all of a neutral kind, neither acid nor 
alkaline, and will not ferment or acquire any 
heat with one or the other. And from hence 
it is plain, that though we may take in 
great quantities of both acids, and alkali's into 
the ſtomach, yet they are all ſoapified, or 
changed into a tertium quid by the action 
of the ſtomach, and concoctive power of the 
other glands, before they can be brought to 
the blood, or be made fit for the purpoſes of 
animal life and motion there. But the Doctor 
concludes, that becauſe acids and alkali's 
when mixed out of the body will produce 
a conſiderable heat and motion; that there- 
fore the caſe muſt be the ſame in the body 
where no acid or alkali could ever be found; 
as if there could be no other cauſe of heat 
and motion but ſuch a chemical fermenta- 
tion. It is a plain and well known fact, 
that any elaſtic combuſtible matter by violent 
motion, or ſtrong friction, will acquire heat, 
and even take fire. When therefore . 

C 
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ſticks are rubbed together till they catch 
fire, or when the axle or wheel of a coach, 
or waggon, by violent motion and friction 
take fire, is this ignition owing not to the 
motion, or elaſtic friction, but to certain acid 
particles in the air ? Can any thing be more 
inconſequent, when an acid would imme- 
diately deſtroy the action and extinguiſh the 
fire: But the Doctor having got one cauſe 
of heat and motion, preſumed it to be the only 
one, and that the ſame thing muſt alway 
happen where the ſame cauſe cannot poſſibly 
act. | 


That the air is impregnated with acid, 
alkalious, and faline particles, cannot well be 
doubted, becauſe the atmoſphere is con- 
tinually drawing up and receiving all forts of 
effluvia from the earth and ſea; and the 
Doctor might have made any one of theſe the 
cauſe of the heat and motion of the blood as 
well as the other ; but acids of all the reſt have 
the leaſt claim to it, becauſe they ſooneſt 
extinguiſh fire and deſtroy its action. And 
it is well known, that acids or acidulated 
liquors, are always given inwardly to cool 
the blood and abate its impetus, and never 
to increaſe its heat and motion ; and though 
the air muſt be always impregnated, more or 
leſs, with effluvia of foreign extraneous matter 
of all ſorts, yet the leſs it is thus ſaturated, 

'S or 


. . 

or the finer and purer it is, the better it cer- 
tainly is, the fitter for breathing, and all the 
purpoſes of animal life, as well as to preſerve 
and keep up the action of fire. This is what 
all experience teſtifies, and no new hypotheſis 
can ever ſet it aſide. 


To my ſaying, that all fluids, acids as well 
as others, except oil, will extinguiſh fire; and 
that acids will check and extinguiſh fire 
ſooner than common water. The Doctor 
replies, And what then? Will it from 
ce thence follow, that a nitrous acid cannot, 
« when mixed with ſome oils in a certain 
proportion, produce fire and flame? By 
* no means”. No, ſurely by no means, nor 
did ever I fay or imagine any ſuch thing. 
But I think I have proved, that the cauſe 
which the Doctor afligns for the heat and 
motion of the blood cannot be the true 
cauſe. But to cloſe up the whole argument, 
the Doctor adds, pag. 54 and 55. © And 
« ] am till farther convinced of the neceſſity 
* of an acid in the air to preſerve the life of 
* animals, when I confider the inſufficiency 
« of all other accounts of reſpiration. As 
* to the uſe aſſigned to the air by this Gen- 
e tleman; namely, That it ſerves as a proper 
© exhaling medium, to receive and carry 
&* theſe copious diſcharges of humid effluvia, or 
« moiſt vapours, which all living * 
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and all combuſtible matter under the action 
&« of fire, are ince — emitting and throwing 
« out; I muſt cave to tell him, that 
<* this is an old trite hypotheſis, without any 
* the leaſt foundation from reaſon and ex- 
* periments. For vapours and exhalations 
ce are not thrown off from humid bodies, 
© by any virtue in the air, but by the re- 
* pulſive powers of their particles, when by 
« the action of heat, they are once 
<* rated from the bodies, and are got beyond 
the ſpheres of their — and of 
<« the attractions of one —_— the or — 
© repulſive power will carry o 
> — particles, as well in vacuo as in the 


<« open air“. 


I muſt own that this account of the aſcent 
of vapours in air, which would not aſcend in 
vacuo, or in an air very much rarified, _ 
altogether new, and what, I fu 4 SE 
world muſt be obliged to Dr Robinſon for. 
But that vapours will not aſcend in vacuo, or 
in an air very much rarified, and that in this 
caſe the fire can have no action at all, is a 
matter of fa& and common experience, and 
does not depend on any hypotheſis old or 
new. The Doctor owns that air is nece 
to the life of animals, and to the action of 
fire; but he thinks that this neceſſity does 
not ariſe from the air itſelf, either on the 

account 
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account of its weight or elaſticity, but is 
owing to a certain acid contained in it. 

What reaſon he has for this has been con- 
fidered already ; but he now gives it as his 
opinion farther, that the humid ſuffocating 
vapour is not raiſed from fire, or the body of 
animals by any virtue in the air, but by 
the repulſive powers of the particles, which 
perhaps may appear as extraordinary as the 
other. It is evident in fact, that whatever 
keeps the fire clear and free from any humid 
vapour, or ſuffocating damp, maintains its 
action whether it be the air itſelf or any 
other cauſe ; but if the fire was kept clear, 
and its vapour thrown off by the repercuſſive 
power of the particles this muſt be better 
done, and the vapour muſt be thrown off 
quicker and more copiouſly in vacuo, or in a 
very thin and rarified air, than in the com- 

mon heavier and denſer air ; becauſe the par- 

ticles of the vapour in this caſe, would meet | 
with leſs reſiſtance after the percuſſion given; | | 
and on this hypotheſis the fire would burn | 

ſtronger in vacuo than in open air. But | 
every body knows this to be falſe in fact, 
and therefore the hypotheſis on which it is 
grounded muſt be falſe. What is it that 
raiſes and ſuſpends any vapour in air, but its 
tenuity, as being ſpecifically lighter than the 
air at the earth's furface ? And therefore any | 
ſuch — or effluvium muſt aſcend in air, 


and 
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and will be there ſuſpended and ſuſtained, 
where the air is of the fame denſity or ſpe- 
cific gravity with itſelf. But when any ſuch 
vapour comes to be condenſed by many of its 
particles uniting in one, ſo as to become 
ſpecifically heavier than air, they muſt 
neceſſarily fall down again by their own 
weight to > the earth's ſurface. But this perhaps 
the Doctor will call an old trite bypotbeſis, and 
may not like it becauſe there is no diſcovery 
in it. It is plain, I think, in fact, and to all 
experience, that when fire goes out, it is 
either for want of fuel, or any farther matter 
to work upon, or becauſe the air about it is 
too much heated and rarified to carry off 
the ſmoak, or too much faturated with 
ſome humid ſuffocating vapour before; but 
whether this reaſoning will hold good or no, 
or how far Dr Robinſon s new hypotheſis ma 

be preferable to ſuch plain facts, muſt be let 
to farther enquiry, and to your arbitra- 
tion, Sir, | | 4 


1 


This is what I thought fit to reply to the 


Doctor's defence againſt my former objections. 
But I ſhall now to make ſome far- 
ther obſervations on other parts of the work 
which I then took no notice of. And here 
I think, in general, that this learned Gentle- 
man, under a ſhow of the utmoſt accuracy, 
has run into the greateſt darkneſs * _ 

on 3 
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fuſion z of which I ſhall give ſeveral in- 
ſtances. 


Dr Robinſon in his IVth ſection, which 
takes up the ſix laſt propoſitions of the firſt 
volume, has made a great number of the 
moſt curious and accurate experiments, about 
the ſtrength of hairs of different ſorts and 
ſizes, taken from the heads of old women 
and young ; and this, by meaſuring, ſtretch- 
ing, and contracting, wetting and drying 
them, &c. but in the application of theſe 
experiments and obſervations to the Animal 
Oeconomy, the Doctor, as uſual, has been 


very unhappy. 


By the ſtrength of an animal fibre, it is 
plain, that he means the weight it can bear 
without breaking, or being ſo far over 
ſtretched as to loſe its elaſticity or reſtitu- 
tive force. And to determine this, he has 
ſcarce omitted any experiment that could be 
made upon hairs, except ſplitting of them, 
which to have done exactly through the 
axis might perhaps have been difficult even 
to him, for whom nothing ſeems too hard, 
He has tried experiments upon the different 
ſtrength and diſtractility of hairs, which 
he adjuſts to the 1ooth, or 100oth part 
of an hair's breadth in the decimal or 
algorithmick way. But, cus bono, to what 

8 ; purpoſe 
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purpoſe is all this? For it is evident that 
none of his experiments can be tried up- 
on "= of the animal fibres within the bo- 


dy, which are to act any part for muſcular 
motion; will he wet or lubricate theſe: with 
1 ſpirits, weak or * acids, 
chymical oils, ſolutions of falts, and above 
ſixty things which he has named, to which 
there is nothing analogous in an animal body ? 
Beſides, it is well known, that the hair is an 
excreſcence, as much as the nails, and has no 
more to do with animal motion, either in its 
natural ſtate, or any artificial ſtate that it can 
be put into; eſpecially by the application of 
ſuch ſubſtances, as cannot conſiſt with ani- 
mal life or motion. But I ſhall here ſet 
down the Doctor's 3 5th propoſition, to fave 
himſelf and me ſome trouble, becauſe it may 
ſerve as a ſpecimen for all the reſt. Prop. 35; 
p. 287. If an animal fibre be extended 
* by a force acting , uniformly upon it, 
its ſtrength will be directly as that force, 
* and inverſely, as the extenſion cauſed. by 
© it in a given time: and if the fibre be 
* of a given ſort of matter, and its extenſion 
cauſed by the force in a given time, be 
« ſmall; its ſtrength then will be very near- 
* ly, or the ſquare of its diameter directly, 
« and as its length inverſely. If 8 denotes 
* the ſtrength of a fibre, F the extending 
* force, E its extenſion, cauſed by the uni- 
; G 


form 
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* form action of that force in a given time, 
«© D its diameter, and L its length; then 8 


te will be a5 >>; and if the fibre be of a 


“ given ſort of matter, and its extenſion be 
* ſmall, then 8 will be very nearly as . 


Now here every one muſt ſee at firſt glimpſe, 
that when all theſe if 's and ſuppoſitions come 
to be applied to any particular caſe in the 
Animal Oeconomy, nothing at all will be given, 
and conſequently, nothing can be found. 
Let the Doctor take any muſcle, or muſcu- 
lar coat in an animal body, and let him tell me 
the length and ſection of its fibres, what force 
is neceſſary to give it a certain diftenfion in a 
given time, and to what degree an animal 
fibre in a living body, may be capable of re- 
ſtoring itſelf in a given time, after it has been 
ſtretehed to a given quantity, by a given force, 

and in a given time. And when he has done 
all this, which is impoſſible to be done, ſome- 
thing or other may be determined, which for 
want of data, cannot now be found. And 
this is conſtantly the gentleman's way, firſt to 
ſuppoſe things given, that are not, and can- 
not be given, and then ſhew how to find out 
what we cannot now diſcover, for want of 


the neceſſary data. 
. 5 But 
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But in Prop. 41. which makes the firſt of 

the ſecond volume, the Doctor comes to apply 

this perſectly new balr- theory, to the different 

ces of the tenacity and tenuity of the 

blood. The tenacity of the blood, he ſays, 1s 

＋ . things e ſtrengthen the fibres, 
and leſſened by rhengs which weaken them. 


1. Cold ſtrengtbens, and heat weakens animal fi- 
bres, and cold increaſes, and heat leſſens the tenaci- 

ty of the blood. But it is ſtrange that the Doctor 
44 ſpeaking of the blood in general, ſhould 
not "diſtinguiſh between the two different 

rts of it, the ſerum and the craſſament, or 

tween the water, and the red concreted and 
denſer globules. Since it is plain, in fat, with 
regard to heat and cold, that what attenuates 
and fluxilizes the one, will render the other 
more viſcid and tenacious. In very cold lan- 
guid conſtitutions, we find the blood runs al- 
| moſt all into water, while the cloſer and 
more tenacious craflament, is in a manner 
deſtroyed. And in this caſe, the ſerum is 
almoſt as thin and fluxile as common water. 
But in very hot conſtitutions, or high inflam- 
matory fevers, the craſſament, or globular 
part, is very much attenuated and fluxilized, 
and mixed fo cloſely and intimately with 
the ſerum, that it will hardly ſeparate, or ſub- 
fide, when taken out of the body, and left to 


ſettle in a cold place. And in the mean while, 
' G 2 the 
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the ſerum, or water of the blood, is extremely 


thickened, coagulated, and rendered more 
viſcid and tenacious, ſo as to contract a ſtrong 
pellicle, or coat, almoſt as tough as a real 
ſkin, The ſame thing happens, when any 
quantity of blood is let out into a baſon, or 
porringer. The craſſament by a greater de- 
gree of cold, is condenſed, and falls to the 


bottom in a ſtrong coagulum, while the ſerum 


is left on the top, thin and limpid, like com- 
mon water. And from hence it is evident, 
that cold liquifies and fluxilizes the ſerum, and 
coagulates the craſſament: and, on the contrary, 
heat diſſolves the craſſament, while it coagu- 
lates the ſerum, and makes it more tenacious 
and viſcid. Therefore, neither of theſe ef- 
fects, with reſpect to heat and cold, can be 
affirmed of the compound maſs, or blood in 
general, | 


2. Says the Doctor, dryneſs ſtrengthens, 
and watery moiſture weakens animal fibres ; 
for the very ſame reaſon that cold flrength- 
ens, and beat weakens them. I hope he 
means all this within due bounds. For other- 
wiſe, heat or cold, dryneſs or moiſture, may 
ſtrengthen or weaken animal fibres, and either 
pomote or deſtroy their muſcular force and 
action, as one or the other may happen to be 
defective or redundant. But the Doctor is 
till for laying down general rules, under a, 
os - e POmpour . 
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appearance of demonſtration, whete 


But the Doctor farther proves, that cold 
ſtrengthens or increaſes, and heat leſſens the tena- 
city of the blood thus. For cold condenſes, and 
heat rarifies the blood : © But when the blood 
& 1s condenſed, its particles are brought nearer 
* together, and when it is rarified, they are 
c removed farther aſunder; and when the 
« particles of the blood are brought nearer 
e together, their attractive forces are increaſed, 
* and when they are removed farther aſunder, 
te thoſe forces are leſſened, all attractive forces 
te being ſtronger at leſs diſtances than at 
« greater; and when the attractive forces of 
*« the particles of the blood are increaſed or 
& leflened, the coheſion of thoſe particles, 
e which meaſures the tenacity of the blood, 
js increaſed or leſſened ; and therefore cold 
t increaſes, and heat leſſens the tenacity of 
the blood.” This is the Doctor's reaſoning 
in which, as any one mult ſee, he ſuppoſes the 
tenacity and tenuity, or fluxility of the blood, 
to depend on its denſity, as it may happen occa- 
ſionally, to be more or leſs condenſed or rariſied. 
He imagines, that the nearer the particles of 
any fluid are together, the more tenacious they 
muſt be, and the ſtronger their coheſion; and 
the farther the centers of the particles are 
apart, the leſs is their coheſion, and the greater 


their 


[ 54 ] 

their fluxility. But nothing can be more con- 
trary to fact and experience. Oil is more 
viſcid and tenacious than common water, tho 
it 1s ſpecifically lighter, and conſequently its 

icles farther apart. Quickfilver is more 
uxile, or leſs tenacious than common water, 
and may be divided into ſmaller parts, or a 
finer effluvium, tho' it is almoſt 14 times 
denſer and heavier. The blood when moſt 
heated and rarified in fevers and inflamma- 
tions, is more viſcid and tenacious, than when 
it 1s moſt cooled and condenſed in low lan- 
guid caſes; and when it comes neareſt to the 
nature, and fluxility of common water. The 
Doctor therefore has quite miſtaken the prin- 
ciple of coheſion, in the parts of bodies, which 
does not depend at all on the diſtances of their 
centres, but on their quantity of contaft, If 
the particles were perfectly ſpherical, and hard 
or unyielding, they could touch but in a fingle 
point, and — * would not cohere at 
all. But when they touch in ſurfaces, tho 
ever ſo ſmall, there muſt be ſome coheſion, 
and this coheſion will be more or leſs in pro- 
portion to the quantity of contact. And this 
quantity of contact, or cohering force, is al- 
ways in the ratio of the touching ſurfaces, and 
the denſity of the matter, or the number of par- 
ticles which come into contact under the ſame 
ſurface, 1. e. If the denſities are equal, the 


cohefion will be as the ſurfaces, but if the = 
CES 
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faces of contact are equal, the coheſion will 
be as the denſities; and therefore univerſally in 
a ratio compounded of both. But as this gen- 
tleman every where aſſumes things as given, 
that are not, and cannot be given, very 
often takes up with principles that are merely 
fictitious and groundleſs. It would be trouble- 
ſome, as well as needleſs, to follow him far- 
ther. The whole debate betwixt the Doctor 
and me, now lies before you, Sir; and the 
Public, I believe, will expe& your decifion 
with ſome impatience. 


Jam SIR, 
5, 1738, 
<0 Nur moſt obedient, 


Humble ſervant, 


T. MORGAN. 


